Introduction

3
efforts have been directed to the study of the CO 2 reduction utilizing the FLP chemistry. 21 3 (in excess) and TMP for deoxygenative hydrosilylation of CO 2 . 24 Müller et al. demonstrated that silyl cations are effective in promoting conversion of CO 2 into benzoic acid, formic acid and methanol, albeit not in a catalytic fashion. 25 More recently, Wehmschulte et al. reported the LA-catalyzed hydrosilylation of CO 2 by cationic aluminum species AlR 2 + (R = Et or OAr). 26 However, the detailed mechanism of such LA-catalyzed CO 2 reduction remains unclear and thus further enhancing catalytic performance through modification of catalyst structure seems challenging. In this context, it is of great interest and importance to survey suitable main group LA candidates for effective CO 2 reduction. Inspired by the dual activation of CO 2 and silane R 3 SiH {[SiH]} by the above overviewed TM or TM/B(C 6 F 5 ) 3 systems, we envisioned that a combination of the more oxophilic and higher Lewis acidic Al(C 6 F 5 ) 3 {[Al]}, 27 which could be sufficiently potent to render CO 2 fixation into silyl formate, with the less oxophilic B(C 6 F 5 ) 3 29 we turned our attention to [Al] , a stronger LA based on several lines of experimental and theoretical evidence. 27, 30 Most recently, we have revealed that the Al center of the even unsolvated Al(C 6 F 5 ) 3 is not truly tricoordinated, but it adopts a dimeric structure with double Al···F(ortho) interactions in solid state. 31 Such weak interactions are readily destroyed by addition of more electron-donating substrates than
[Al] itself, such as toluene, ferrocene, or even fluorosilane and hydrosilane. 30a, 31-32 Si-H-[B]
Si-H-[B]
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Step 4: Figure 2 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 [B] C concentration also resulted in a decrease of CO 2 reduction rate. Remarkably, when only 1.0 mol% of [Al] was employed, the highest CH 4 yield of 94% was achieved ( Table 2 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In order to investigate the catalyst recyclability, the catalytic system consisting of 10 mol% [Al] and 5.0 mol% [B] was tested for 3 cycles. In the 1 st cycle, the hydrosilylation was complete in 3 h ( Figure   5 ). After careful removal of excess CO 2 and CH 4 under vacuum, the system was recharged with the same amount of Et 3 SiH and CO 2 as in the first cycle. 
Computational Studies of Fundamental Steps 1----4.
36 In this section we discuss each reduction step separately starting from the hydrosilylation of CO 2 to formate and ending with the hydrosilylation of methyl silyl ether to methane. In Schemes 4, 5 and 6 numbers in green refer to [Al] while numbers in blue refer to [B] . Further, to strengthen connections with experiments, we labeled DFT structures using letters, such as A, B, C, etc., while for structures involving intermediates 1-3 we kept the same labeling scheme as that used in the description of the experimental results.
Step 1: Hydrosilylation of CO 2 
to silylformate 1-[X] (X = Al, B). The two possible reaction
pathways we investigated to generate 1 from CO 2 are reported in Scheme 4. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 below separated Al(C 6 F 5 ) 3 As for the competitive mechanism via Si-H activation, pathway 2 in Scheme 4, it involved the formation of a silane-LA adduct. Formation of such adduct was found to be favored by 7.2 kcal/mol with 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 As a further test, we decomposed the gas-phase binding energy of [Al] and [B] to formaldehyde into a preparation and an interaction energy term. The first contribution is the energy paid to deform the LA and the aldehyde from their ideal conformations in the unbound state to the geometries they assume in the LA-adducts E. The interaction energy term, instead, corresponds to the energy gain due to the rigid interaction between the LA and the aldehyde frozen in the same conformation as in E. We found that the deformation of the free [B] to the geometry it has in E is 9.5 kcal/mol more expensive than the Si-H
[B]
Step 1 22 kcal/mol
Step 2 13 kcal/mol
Step 4 16 kcal/mol
Step 3ã 
Conclusions
In summary, we have developed the first example of highly selective reduction of CO 2 into CH 4 via tandem catalytic hydrosilylation by a mixed main group B(C 6 F 5 ) 3 /Al(C 6 F 5 ) 3 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 We attribute this remarkably different catalytic behaviors between Al(C 6 F 5 ) 3 and B(C 6 F 5 ) 3 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 3 . In fact, comparing the barrier for the reduction of acetone with that for the reduction of the less hindered formaldehyde, the C=O pathway turns out to be much unfavored for the ketone substrate.
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